
I 

ROCKWELL INTERNATIONAL 
N O R T H  A M E R I C A N  S P A C E  O P E R A T I O N S  
R O C K Y  F L A T S  PLANT  

I 

I 
I 
I 
i 
I 
t 
I 
I 
I 
I 
I 
I 

Remedial Investigation Report 
For 903 Pad, Mound, and 
East Trenches Areas 

Volume I1 

U S  DEPARTMENT OF ENERGY 

Rocky Flats Plant 
Golden Colorado 

3 1 December 198 7 

REVIE'YED FOR CLASclFICATION/UCNI 
BY F J Curran 

D e  

UNITED S T A T E S  D E P A R T M E N T  OF E N E R G Y  

ADMIN ISTRAT ION  C O N T R A C T  DE-AC04-76DP03533 



I 
I 
I 
I 

4 0 WASTE SOURCES CHARACTERIZATION 

This section presents data from investigations o f  the waste storage and disposal 

areas at the 903 Pad Mound and East Trenches Areas Waste quantities location 

and composition are presented Concentrations o f  hazardous substances and 

radionuclides identified above background levels are also provided along with other 

physical and chemical data 

This investigation focused on source characterization of  past waste disposal 

sites (SWMUs) as preliminarily identified and located for  the RCRA Part B Permit 

Application (Rockwell International 1986a) and the CEARP Phase I report (DOE 

1986b) SWMU locations are herein revised and/or verified based on the additional 

data collected during this investigation Plate 4 1 presents the revised SWMU 

locations 

Characterization of SWMUs is based on information regarding historical waste 

management practices and on data collected during the 1986 and 1987 field 

investigation programs Soil samples are the major source o f  data but soil gas 

samples ground water and surface water samples are also considered in 

characterizing the SWMUs Plate 4 2 shows soil gas sample locations and Plates 4 3 

4 4 4 5 4 6 and 4 7 present soil gas data for tetrachloroethene (PCE) trichloroethene 

(TCE) carbon tetrachloride (CC14) 1 I 1 trichloroethane (1 1 1 TCA) and 1 1 

dichloroethene (DCE) respectively Soil samples collected in 1987 have been analyzed 

for the parameters listed in  Table 4 1 Selection o f  borehole locations is discussed in 

Appendix D 
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TABLE 4 1 

SOURCE SAMPLING PARAMETERS, 
SOIL AND WASTE SAMPLES 

Hazardous Substance List Metals 
Beryllium 
Chromium (hexavalent) 
Lithium 
Strontium 

Hazardous Substances List 
Oil and Grease 

Gross Alpha 
Gross Beta 
Uranium 233 234 and 238 
Americium 24 1 
Plutonium 239 
Strontium 90 
Cesium 137 
Tritium 

Other 

Characteristics (e g ignitability corrosivity reactivity) 
PH 
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In order to facilitate a clear and concise discussion o f  soil contamination at 

the various SWMUs in the 903 Pad Mound and East Trenches Areas observations 

pertaining to uranium and trace metals and some organics are summarily discussed 

here Many o f  the organics detected i n  the samples are considered to represent 

laboratory artifact and examination o f  all the data indicates uranium and trace 

metals are not contaminants o f  the soils 

The presence o f  Hazardous Substance List (HSL) organics in soil samples at 

concentrations above detection limits are indicative o f  contamination provided these 

organics are not present in laboratory blanks for the samples Such data are discussed 

under the SWMU subsections However the presence of an HSL organic in a 

laboratory blank and sample does not necessarily imply laboratory artifact if the 

concentration in the sample greatly exceeded the laboratory blank concentration For 

some soil samples collected for  this investigation this has been the case and these 

data are also discussed under the S W M U  subsections Conversely there are many 

samples for which HSL organics are present at concentrations on the same order as 

those found in the blanks These data are discussed below 

Analytical data for most o f  the soil samples collected for  this investigation 

indicate the presence o f  methylene chloride acetone and bis(2 ethylhexy1)phthalate 

and occasionally 2 butanone N nitrosodiphenylamine di n octyl phthalate and di n 

butyl phthalate Inspection of  

the data indicates the following methylene chloride generally was present at low or 

estimated (below detection limit) concentrations and often appeared in the blanks 

acetone was almost always detected in the blanks and its occurrence in samples was 

often at concentrations within a factor of  2 to 3 of  that observed in the blanks 2 

butanone was generally present in samples only at estimated concentrations below 

The analytical data are shown in Tables 4 2 and 4 3 
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detection limits and was present in one of the laboratory blanks N 

nitrosodiphenylamine di  n octyl phthalate and di n butyl phthalate were generally 

present only at estimated concentrations below detection limits and bis(2 

ethylhexy1)phthalate appeared in many of the samples generally at estimated 

concentrations below detection limits or within a factor of 2 of the detection limit 

(330 ug/kg) and was present in several blanks As mentioned the exceptions to those 

general rules are discussed subsequently under the SWMU subsections However in 

general it appears that the presence of these compounds in the samples represent 

laboratory artifact Methylene chloride acetone and 2 butanone are common volatile 

solvents used in the laboratory N nitrosodiphenylamine IS a degradation product of 

the gas chromatograph column Phthalates are components of plasticizers whose 

presence In a sample or blank can be generally attributed to contact with plastic 

With the exception o f  acetone and bis(2 ethylhexy1)phthalate the presence of these 

compounds in the soils is not expected based on the waste management history 

Records indicate an unknown number of drums stored at the 903 drum storage site 

contained acetone and vacuum pump oil Bis(2 ethylhexy1)phthalate is a component 

of vacuum pump oil (Sax and Lewis 1987) 

Unlike HSL organics metals and radionuclide concentrations must be 

evaluated relative to background soil concentrations Background for  soil samples 

was based on 1986 sampling and analysis done in the west buffer zone (an area not 

affected by any waste disposal activities) Table 4 4 presents the background soil 

data A one time sampling of a plot in the west buffer zone to a depth of one foot 

cannot be considered a complete characterization o f  background alluvial and bedrock 

materials however it suffices as a basis for assessing potential contamination 
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TABLE 4 4 

CONCENTRATIONS OF METALS AND RADIONUCLIDES 
IN BACKGROUND SOIL 

Metals 
A1 
Sb 
As 
Ba 
Be 
Ca 
Cd 
Cr (Total) 
co  
c u  
Fe 
Pb 
Ms 
Mn 
Hg 
Ni 
K 
Se 
Ag 
Na 
TI 
Sn 
V 
Zn 

Concentration 
I!Ixhud 

6540 9140 
38 U 41 U’ 
6 1 U  IOU 
122 U 137 U 
3 0 U  3 4 U  
1020 1960 
3 0 U  3 4 U  
5 6  13 
12 U 25 
6 6  11 
9080 12 400 
IS  48 
883 1490 
196 337 
0 1  u 
13 U 20 
951 1860 
3 1 u  3 4 u  
3 1 u  3 4 u  
63 U 217 
6 3 U  6 8 U  
25 U 27 U 
30 U 38 
20 50 

Concentration 
0 

Radionuclides 
Pu oi(  io) io( 20 j* 

Tritium 70(220) 280(270 j** 

Am 02( 03) 28( 16) 
U233+234 66( 16) 1 4( 20) 
U238 62( 17) 92( 18) 

* 
U indicates values less than detection limits 

Parentheses indicate counting error 
** 
+** 

Tritium is in units of pCi/1 of soil water 
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Radionuclides are analyzed by counting sub atomic particle emissions which is 

a random function Since radioactive disintegration is a statistical process and 

therefore has a probability distribution results are reported as a measured value with 

an associated two standard deviation propagated error term indicated in parentheses 

immediately following the measured value In many cases a determination that two 

radionuclide concentrations are di f  ferent from each other requires a statistical 

analysis incorporating the error term A statistical analysis will be performed prior 

to preparation o f  the final RI report However even without performing a statistical 

analysis radionuclide concentrations where the error term is larger than the measured 

value can be considered not statistically different from background because o f  the 

significant overlap of  the probability distributions Also if the measured value for a 

radionuclide falls within the background measured value range it is also not 

considered to be above background levels regardless of  the error term This is the 

basis for stating in this report that a radionuclide concentration is not above 

background levels Similarly if the measured value minus the error term for a 

sample is greater than the measured value plus the error term for  the upper limit of  

the background range it can be considered to be statlstically different from 

background This leaves a range o f  measured values and error terms between these 

extremes where without a statistical analysis it cannot be definitely stated whether 

the radionuclide concentration in the sample is different from background As 

discussed below uranium levels in some soil samples from the 903 Pad Mound and 

East Trenches are a case in  point 

Uranium concentrations in  soil samples from the 903 Pad Mound and East 

Trenches Areas generally met the above criteria for being within background levels 

Table 4 5 shows those samples where uranium concentrations may be above 
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TABLE 4 5 

m 
‘ 1  
I 
1 

I t  
I 

URANIUM CONCENTRATIONS ABOVF 
ESTIMATED BACKGROUND LEVELS 

BH25870009 
BH25870009D 
BH2587 18BR 
BH258720WS 
BH26870003 
BH268703CT 
BH288700WT 
BH288706CT 
BH288709BR 
BH3387 16CT 
BH338720WT 
BH36870005 
BH3687005D 
BH368720CT 
BH368723BR 
BH378725BR 
BH45870917 

CONCENTRATION (pCi/g) 
Y 233 +234 L 2 3  

1 l(O3) 
1 5(0 3) 
1 4(0 3) 
1 4(0 3) 
1 O(0 2) 
1 O(O2) 
14(03) 

15(03) 1 4(0 3) 
2 8(0 5) 1 8(0 4)** 
1 S(O2) 1 4(0 2)** 

1 l(O2) 
1 7(0 3)** 
1 2(0 3) 
2 2(0 4)** 1 6(0 4) 
0 94(0 35) 
1 6(0 4)** 
1 5(0 2)** 

* Background upper limits U 233+234 [ l  4(0 2)] U 238 [0 92(0 18)] 
** Likely to be statistically different from background 
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background levels Only six of the samples had uranium concentrations likely above 

background levels but even in these cases the concentrations were generally within a 

factor o f  two o f  the upper background concentrations Considering 1) background 

concentrations for  uranium are not well characterized 2) most soil samples had 

uranium concentrations within the estimated background limits and 3) only a few 

random samples had uranium concentrations that may be above the estimated 

background limits but are still within a factor o f  two it is concluded that uranium 

contamination o f  the soils at  the 903 Pad Mound and East Trenches does not exist 

and the observed uranium concentrations likely represent natural variation o f  

uranium in the soils Such is not the case for plutonium and americium where in 

some samples their concentrations are significantly elevated above background These 

observations are discussed in the SWMU subsections 

In general metal concentrations in soil samples from the 903 Pad Mound and 

East Trenches Areas were within the background levels shown in Table 4 4 Metals of 

interest from a public health perspective and their respective concentrations that 

exceeded the upper limit of the background range are shown in Table 4 6 (Metals 

analyzed for but excluded from this analysis are aluminum iron and manganese) 

Inspection o f  the data shows that generally these metal concentrations are within a 

factor of two o f  background The following samples had metal concentrations i n  

excess o f  three times background 
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Background Sample 
Mttal - -- 
Arsenic 1ou+ 
Barium 137U 
Cadmium 3 4 u  
Chromium 13 
Mercury 0 1u 

37 BH398700FS 
1899 BH2587009D 

15 2 BH49870008 
BH438714DH 58 

0 34 BH328708 15 

U indicates metal not detected at detection limit shown e g  10 mg/kg is the 
reported detection limit for arsenic 

With the exception o f  barium at  1899  mg/kg the above metal concentrations 

The only slightly exceeded three times the upper limit o f  the background levels 

reason for  the high barium concentration is not known but little significance can be 

placed on this isolated occurrence Because background metal concentrations are not 

well characterized and most metal concentrations in the soil samples are at  or within 

a factor o f  two o f  background levels i t  is concluded that metal contamination o f  the 

soils o f  the 903 Pad Mound and East Trenches does not exist and the observed metal 

concentrations likely represent natural variations o f  metals in the soils 

As discussed in Section 2 the 903 Pad Area was used mainly for disposal o f  

flattened depleted uranium and plutonium contaminated drums There are five solid 

waste management units (SWMUs) located within the 903 Pad Area Presented below 

are the waste characterizations o f  each o f  these SWMUs Soils o f  the gas 

detoxification site (SWMU 183) were not investigated as i t  is a RCRA regulated unit 

and site investigations will be performed in accordance with the Part 265 Closure 

Plan The reader is directed to the introduction for a description of the waste 

management practices at each SWMU For the 903 drum storage site and 903 lip site 
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1 
I 

the discussion is repeated here because o f  its particular significance in evaluating the 

data collected for these sites 

These SWMUs are located south of Central Avenue just inside the East Guard 

Gate The 903 drum storage site was used from 1958 to 1967 to store drums 

containing radioactively contaminated used machine cutting oil Up to 5 240 drums 

were stored at this site during its use 

Approximately 3 570 drums contained oils and solvents contaminated with 

plutonium and the balance were contaminated with uranium Most of the drums 

contained lathe coolant consisting of  mineral oil and CC14 in varying proportions 

However an unknown number o f  drums contained hydraulic oils vacuum pump oils 

TCE PCE silicone oils and acetone (Rockwell International 1986a) Ethanolamine 

was also added to new drums after 1959 to reduce the drum corrosion rate 

Removal o f  the drums from the storage area began in 1967 The older drums 

and those containing plutonium were removed first The last known drum of 

contaminated liquid was removed in June 1968 

After the drums were removed efforts were undertaken to scrape and move 

the plutonium contaminated soil into a relatively small area cover i t  with f i l l  

material and top it with an asphalt containment cover (903 Pad) This remedial 

action was completed in  November 1969 An estimated 5 000 gallons of liquid leaked 

into the sod during use of the drum storage site The liquid was estimated to contain 

86 grams of plutonium (Rockwell International 1986a) 
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During drum removal and cleanup activities associated with the 903 drum 

storage site winds redistributed plutonium beyond the pad to the south and east 

Approximately 10 Curie (Ci) of  plutonium was deposited between the pad and the 

perimeter security fence The most contaminated area is immediately adjacent to the 

pad to the south and southeast Partial cleanup of  this area referred to as the 903 llp 

site occurred in 1978 when about 4 7  million pounds (lbs) of  contaminated soil 

containing 0 5 6  Ci plutonium were removed packaged and shipped of f  site as 

radioactive waste (Rockwell International 1986a) Soil was removed from the area 

until contamination levels were below the detection limits (250 dpm) of the 

radiometric survey instrument (FIDLER) This implies plutonium concentrations as 

high as 10 ug/m2 [60 picduries per gram (pCi/g) assuming a 1 cm depth and a soil 

density of 1 g/cm3] may still remain in the surface soil However these surface soils 

at the excavated area were backfilled to grade with clean topsoil to a depth of  15 to 

20 cm and reseeded with native grasses (Barker and others 1982) 

Several boreholes were drilled to characterize the soils in the vicinity of the 

903 drum storage (pad) and lip sites Borehole BH29 87 was drilled approximately 200 

feet west of the pad area Boreholes BH22 87 and BH23 87 were placed in the 903 lip 

site approximately 50 feet south of the southwest and southeast quarters of the 903 

pad respectively Borehole BH24 87 was drilled about 200 feet southeast of the 

southeast corner of the pad and borehole BH30 87 was located approximately 200 feet 

east of the pad Both boreholes BH24 87 and BH30 87 are in  the lip site Based on 

the historical waste management practices at these SWMUs 

PCE and possibly acetone and bis(2 ethylhexy1)phthalate 

expected at this location 

plutonium CC14 TCE 

are the contaminants 
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Soil gas sampling indicated the presence o f  the volatile organic compounds 

TCE PCE and CC14 in the vicinity o f  the 903 drum storage and lip sites PCE was 

present at  high levels (>IO000 counts) while T C E  and CC14 ranged from low levels 

(<1 000 counts) south of  the 903 drum storage site (lip site) to moderate levels (1 000 

10 000 counts) to the east of the 903 drum storage site (northeastern portion o f  the lip 

site) a t  moderate to elevated levels No other organic compounds were detected in the 

soil gas samples 

As discussed in the introduction to Section 4 analytical results from soil 

sampling o f  these boreholes indicate the presence of HSL organics but i t  appears that 

these organics may have originated from the laboratory However it is noted that o f  

the lab contaminant organics bis(2 ethylhexyl)phthalate was significantly elevated 

in some samples relative to that seen in the blanks It ranged from 1200 3300 

micrograms per kilogram (ug/kg) in boreholes BH30 87 (all samples below 10 feet) 

BH23 87 (all samples) and BH24 87 (2 and 10 foot samples) I t  occurred at 8100 

ug/kg in BH30 87 (10 foot sample) and 18 000 ug/kg in BH29 87 (16 foot bedrock 

sample) Also of note di n butyl phthalate was present at 3 400 ug/kg in BH30 87 (10 

foot sample) The occurrence of  bis(2 ethylhexy1)phthalate at  high concentrations at 

depth may indicate a release of this organic to ground water at the 903 drum storage 

site Bis(2 ethylhexy1)phthalate is a component o f  vacuum pump oil a waste stored at 

the 903 drum storage site 

Of the HSL organics that represent industrial solvents toluene occurred only 

in the 0 2 foot sample from BH24 87 (1 75 ug/kg) however i t  was also detected in the 

laboratory blank from the same sample at 2 ug/kg Trichloroethane (1 1 1 TCA) was 

detected in the 0 10 foot sample (BH29 87) at 5J ug/kg These sporadic and low 

concentrations of  solvents indicate solvent contaminatlon o f  the soils in this area is 

903 PAD MOUND AND EAST TRENCHES AREAS REMEDIAL INVESTIGATION REPORT 

ROCKY FLATS PLANT GOLDEN COLORADO DRAFT DECEMBER S l  1987 PAGE 4 45 

h 



I 
I 
E 

not extensive and possibly non existent The TCE PCE and CCl4 detected in the soil 

gas is present in the ground water as indicated by data for wells 1 71 and 2 71 

Plutonium and americium were the radionuclides found above background 

levels in the vicinity of  the 903 drum storage site Plutonium as expected considering 

the waste storage history at  the 903 drum storage site and windblown disperslon to 

the lip areas was detected at elevated concentrations in  all the surficial samples and 

possibly in some o f  the deeper intervals The concentrations o f  plutonium detected 

were BH22 87 [0 9 foot duplicate at  6 3(1 4) pCi/g and the 10 foot sample at 

0 12(009) pCi/g] BH23 87 [0 8 foot at 1 l(O2) pCi/g and 0 8 foot duplicate at 

085(0 17) pCi/g] BH24 87 [0 2 foot at 96(4) pCi/g] BH29 87 [0 10 foot at 059(0 16) 

pCi/g] and BH30 87 [0 10 foot at 180(10) pCi/g and 10 foot at  033(0 16) pCi/g] The 

plutonium concentrations from soil composites that include the ground surface are 

significantly higher than the upper background level o f  plutonium 0 lO(0 2) pCi/g 

The plutonium concentration from deeper intervals may not be statistically different 

from background The results indicate that plutonium contamination is indeed 

present in the vicinity of the 903 drum storage and lip sites but is probably confined 

to just beneath the surface Plutonium contamination also appears highest east o f  the 

903 drum storage site Americium was detected at  the concentrations o f  093(026) 

pCi/g from BH22 87 (0 9 foot duplicate sample) 11(2) pCi/g from BH24 87 (0 2 foot 

sample) and 22(6) pCi/g in the 0 10 foot sample from BH30 87 Again the 

concentrations detected for this radionuclide are well above the upper background 

level of 0 28(0 16) pCi/g Like plutonium americium is only truly elevated in  soil 

samples where the compositing interval includes the surface This indicates that 

americium contamination is also present in the vicinity o f  the 903 drum storage site 
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and is confined to just beneath the surface As with plutonium the highest 

americium concentrations are east o f  the 903 drum storage site 

The only other radionuclides worthy o f  note are cesium 137 and strontium 90 

Cesium was at  the concentrations o f  12(0 9) pCi/g from BH22 87 in the 22 foot 

bedrock sample and 16(0 8) pCi/g from BH29 87 in the 0 10 foot sample It  was 

otherwise not detected The significance if any o f  the cesium concentrations is 

unknown because background data are unavailable for this radionuclide Background 

data are also unavailable for strontium Strontium was detected only in the 0 8 foot 

sample o f  BH23 87 at  1 l(O5) pCi/g However this concentration is typical o f  

strontium levels in other samples from boreholes at the Mound and East Trenches 

Areas 

After a comprehensive review o f  the analytical results obtained from the soil 

boring program it appears that the 903 Pad Area is contaminated with plutonium 

americium and possibly phthalates The plutonium and americium contamination 

which appears to be confined to the surface is not surprising considering the waste 

storage practices that took place at the 903 drum storage site Soil contamination 

studies conducted by Rockwell (Rockwell International 1987a) have shown elevated 

plutonium concentrations downwind (to the southeast) o f  the 903 drum storage site 

The plutonium concentrations found in surficial soils a t  the 903 drum storage site 

support the conclusion that the 903 drum storage site was the source o f  this 

contamination Although phthalates were present in the blanks in many instances 

they occurred at significantly higher concentrations in the soil samples at depth This 

suggests that phthalate is a contaminant of  the soils at the 903 drum storage site and 

may provide a source for  release to ground water but a definite conclusion cannot be 

drawn 
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4 I2 Solid Waste M a n w e n t  Unit 109 Trench T 2 
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Trench T 2 is located south of the 903 drum storage site The orientation of 

this SWMU on Plate 4 1 is slightly modified from that shown on Figure 2 3 based on 

field reconnaissance review of historical aerial photographs and geophysical survey 

results Drum lids are visible at  the surface north of BH25 87 and buried metal 

(presumably flattened drums) was detected by the metal detection survey in the same 

area The area containing buried metal appears to be the center of the trench based 

on historical air photos 

Based on the documented disposal of sewage sludge and flattened drums 

contaminated with plutonium and uranium the most likely contaminants to be 

expected in the vicinity of the Trench T 2 area would be solvents chrome silver 

plutonium and uranium Three boreholes were drilled to characterize the soils in the 

vicinity of Trench T 2 Borehole BH25 87 was placed adjacent to the center corner of 

the trench Boreholes BH26 87 and BH27 87 were drilled just south and east of the 

trench respectively 

Soil gas results indicated moderate to high levels of PCE and TCE in the 

In addition an isolated occurrence of CC14 at  a low 

Other volatiles were not 

general vicinity of Trench T 2 

level was also found near the southeast end of the trench 

detected in the soil gas near Trench T 2 

Analytical results from the samples collected from these boreholes indicate 

extensive organic contamination of the soils in the vicinity of BH25 87 (south of the 

trench) TCE appeared in all the samples collected from borehole BH25 87 ranging 

from 51 to 16 000 ug/kg The highest concentration of 16 000 ug/kg was detected in 
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the bedrock sample 1 1  1 TCA was detected in the 18 foot and 20 foot bedrock 

samples taken from BH25 87 at the concentrations o f  75J and 180J respectively 

Ethylbenzene and xylene were detected in  the 0 9 foot 16 foot contact and 18 foot 

bedrock samples from borehole BH25 87 The concentrations o f  these compounds 

ranged from 1 1  J to 780 ug/kg and 60 to 3 300 ug/kg respectively Toluene was also 

detected in the 0 9 foot sample (65 ug/kg) 9 10 foot sample (85 ug/kg) 16 foot 

contact sample (640 ug/kg) 18 foot bedrock sample (3305 ug/kg) and 20  foot bedrock 

sample (300 ug/kg) from the same borehole PCE concentrations were also high in the 

bedrock ranging from 2100 to 10000 ug/kg As discussed in  the introduction to 

Section 4 other organics detected in the samples may not represent contamination 

because o f  their occurrence in  laboratory blanks However some of  these possible 

lab contaminants appeared at significantly elevated concentrations in  the samples 

relative to that observed in the blanks For example acetone was detected at 1 100 

ug/kg in both the 16 foot contact and 20 foot bedrock samples from borehole BH25 

87 and never exceeded 90 ug/kg in the blanks Bis(2 ethylhexy1)phthalate was 

detected at 4 200 ug/kg in the 3 foot contact sample from BH26 87 and was detected 

at 1 100 and 1900 ug/kg in the 0 9 foot composite sample and duplicate respectively 

from BH25 87 Bis(2 ethylhexy1)phthalate also occurred in  two laboratory blanks at 

the concentrations of 25 and 31 ug/kg Because the concentrations o f  acetone and 

bis(2 ethylhexy1)phthalate in  these cited samples are significantly greater than that 

found in the blanks their presence in the samples cannot be conclusively attributed to 

laboratory artifact Also both compounds were known to have been stored at the 903 

drum storage site As the highest concentrations of these compounds occur in soils at 

depth the 903 drum storage site may be a source for releases o f  these compounds to 

ground water 
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Plutonium and americium were detected above background in the soil samples 

collected from these boreholes Plutonium was detected at elevated concentrations in 

all soil composites that include the ground surface as follows BH25 87 [32(04) 

pCi/g 0 9 foot duplicate sample] BH26 87 [83(2) pCi/g 0 3 foot sample] and BH27 87 

[38(04) pCi/g (0 10 foot sample] Americium was detected in the 0 3 foot [12(1) 

pCi/g] and 0 10 foot [044(05) pCi/g] samples from BH26 87 and BH27 87 

respectively These concentrations of plutonium and americium are significantly 

above the upper background levels of 0 lO(0 20) pCi/g and 028(0 16) pCi/g for 

plutonium and americium respectively Cesium 137 appeared in the 0 9 foot 

duplicate sample [I 4(08) ug/kg] and 2 foot sample [3 l(0 7) ug/kg] from BH25 87 

Strontium 90 was always less than I 1 pCi/g The significance of the cesium and 

strontium concentrations is unknown because these background concentrations have 

not been characterized 

As expected the data indicate that soils in the vicinity of Trench T 2 are 

contaminated with plutonium americium solvents and possibly acetone and bis(2 

ethylhexy1)phthalate Plutonium and americium contamination is particularly high in 

composite soil samples that include the ground surface and solvent contamination 

appears highest south of Trench T 2 (BH25 87) in the bedrock It is postulated that 

the radionuclide contamination originated from the 903 drum storage site via wind 

dissemination and the solvent contaminatlon is due to a release from Trench T 2 as 

solvents were not present in the soils from boreholes upgradient of BH25 87 Alluvial 

ground water to the south of Trench T 2 (well 2 71) also has elevated levels of these 

solvents The phthalate contamination may have originated from the 903 drum 

storage as this compound occurs at  elevated concentrations in soils from borehole 

BH23 87 upgradient of this location The acetone present in the soils may be due to a 
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release from Trench T 2 because acetone was not significantly elevated relative to the 

laboratory blanks in soils upgradient of  Trench T 2 

4 13 m d  W-nt Umt 1 40 Reacti ve Metal Destruct ion Si te  

The reactive metal destruction site is located southeast of  the 903 pad drum 

storage site and east of Trench T 2 The orientation o f  this SWMU was also revised 

slightly from that shown on Figure 2 3 based on field reconnaissance and a review of 

aerial photographs The western portion of  the site was roughly defined in the field 

by fence posts Presumably a fence surrounded the site at one time The eastern 

portion of the site was extended farther east than shown on Figure 2 3 after 

reviewing historical air photos 

The most likely contamination to be expected in the vicinity o f  the reactive 

metal destruction site would be lithium and solvents Several boreholes were drilled 

to determine the exact nature of  contamination present in the vicinity o f  this area 

Borehole BH27 87 was drilled in the western portion o f  the site and BH26 87 was 

placed adjacent to the southwest corner of  the site Borehole BH24 87 was drilled 

adjacent to the northeastern corner o f  the destruction area Data from these 

boreholes were discussed In the previous sections BH28 87 was located approximately 

50 feet southeast of BH24 87 and is discussed here 

Soil gas sampling and analysis indicated the presence o f  TCE and PCE at 

moderate to high levels in the general vicinity of the site In addition carbon 

tetrachloride was detected at moderate levels adjacent to the northeastern corner o f  

the site No other organic compounds were detected in the soil gas samples 
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As with Trench T 2 soil samples the data indicate definite solvent 

contamination of the soils and possible contamination with phthalates The solvent 

contamination appears confined to the soils in the vicinity of BH28 87 Trans 1 2  

dichloroethylene (t 1 2  DCE) chloroform (CHC13) TCE PCE CC14 and cis 1 3 

dichloropropene were detected only in the soil samples from BH28 87 below the water 

table T 1 2  DCE was a t  estimated levels of 85 and 105 ug/kg and chloroform was 

detected at  estimated levels of 85 and 175 ug/kg CC14 was detected in three samples 

at  the concentrations of 29 50 and 100 ug/kg TCE appeared a t  estimated levels of 

5J 65 and 15J ug/kg PCE was detected at concentrations of 145 84 and 210 ug/kg 

Cis 1 3  dichloropropene was detected only in the bedrock sample and was at  an 

estimated level of 65 ug/kg None of these organics were detected in the laboratory 

blanks 

Bis(2 ethylhexy1)phthalate was detected in a range from 970 to 3 400 ug/kg in 

all the soil samples from BH28 87 This compound was not present in the laboratory 

blank for this batch of samples and these concentrations are significantly elevated 

relative to concentrations in other blanks Therefore it i s  probable that bis(2 

ethylhexy1)phthalate is a contaminant of the soils at  this borehole 

Plutonium was detected above background in the surface and 9 foot bedrock 

samples from BH28 87 Plutonium was 2 O(0 3) pCi/g in to 0 9 foot composite sample 

and 0 82(0 32) pCi/g in the 9 foot bedrock sample Cesium 137 was found at  0 3(0 17) 

pCi/g (0 9 foot sample) and 18(1 7) pCi/g (5 foot sample) in BH28 87 and strontium 

90 was always less than 1 pCi/g Again the slgnificance of the cesium and strontium 

concentrations is unknown as background concentrations have not been characterized 

903 PAD MOUND AND EAST TRENCHES AREAS REMEDIAL INVESTIGATION REPORT 
ROCKY FLATS PLANT GOLDEN COLORADO DRAFT DECEMBER 31 1987 PAGE4 62 



It is concluded that solvent and radionuclide contamination does exist in the 

vicinity of the metal destruction site The radionuclide contamination generally 

appears to be confined to the surface BH28 87 is the only area where radionuclides 

were found a t  deeper intervals It is likely that radionuclide contamination had 

arisen from windblown contamination from the 903 drum storage site Solvent 

contamination appears to be confined to bedrock material in the vicinity of BH28 87 

and may represent a local release because solvents were not detected in upgradient 

soils from borehole BH24 87 There is also solvent contamination of alluvial ground 

water in this vicinity at  well 1 71 On the contrary bis(2 ethylhexy1)phthalate is 

elevated in soils at  BH24 87 suggesting the 903 drum storage site as the source of this 

contaminant 

4 2 MOIJND AREA 

The Mound Area is composed of 4 SWMUS 

0 S W M U  108 
0 SWMU 113 
0 SWMU 153 
0 SWMU 154 

Presented below are the waste characterizations of these units 

4 2  1 Sol id Waste Manwment  U nits 108 Trench T 1. 153 Oil Burn Pit No. 2 

Based on the waste management practices at  the SWMUs i t  is expected that 

plutonium uranium and solvents would be the most likely contaminants present in 

this area Four boreholes were drilled in the general vicinity of these SWMUs 

Borehole BH33 87 was drilled to the west of SWMU 153 and RH34 87 was drilled at  

the southwest corner of this SWMU Borehole 36 87 was located just adjacent to the 
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northeast corner of SWMU 108 

approximately 200 feet southwest of Borehole 36 87 

Borehole 35 87 was placed just south of SWMU 108 

Soil gas sampling found high levels of PCE present in the soil gas in the 

general location of SWMUs 108 and 153 An isolated moderate level of carbon 

tetrachloride was also detected No 1 1 1 TCA DCE and TCE were found in the 

vicinity of SWMUs 108 and 153 

Analytical results indicated the presence of some HSL organics in the soil 

samples however the organics were likely introduced in the laboratory as discussed 

in the introduction to Section 4 

Plutonium and to a lesser degree americium were elevated above background 

in the soils surrounding Trench T 1 Plutonium [I  5(02) pCi/g] and americium 

[0 4(0 19) pCi/g] were found in the 0 to 12 foot sample from borehole BH35 87 

Plutonium was also found in the 0 5 foot sample from (borehole BH36 87) at a 

concentration of 0 53(0 16) pCi/g Cesium 137 was also found in this borehole at the 

23 foot bedrock sample and 5 15 foot sample at  concentrations of 2 3 pCi/g and 2 1 

pCi/g respectively Strontium 90 was always detected at  less than 11 pCi/g The 

significance of the cesium and strontium is unknown because background levels for 

these radionuclides have not been characterized 

It appears that soil contamination in the vicinity of Trench T 1 is limited to 

plutonium and americium As with the 903 Pad Area plutonium (and americium) 

contamination is probably confined to the near surface because elevated levels occur 

only in soil composites that include the ground surface Concentrations of plutonium 

were not as high as at  the 903 drum storage site which further suggest that historical 

windblown dissemination of radionculides from the 903 drum storage site as the 
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source of  the contamination The solvents detected in  soil gas were not detected in 

the soils nor are they present in the alluvial ground water at well 43 86 [only a trace 

of CC14 (6 ug/l) and T C E  (8 ug/l) was detected during the first quarter o f  1987 and 

these compounds were not detected in  the second quarter] I t  may be that the soil gas 

contaminants are originating from SWMU I13 as subsequently discussed 

4 2 2 Splid Waste Ma-nt Unit 113 Mound Area 

The mound site is located north of Trench T 1 and east of the Oil Burn Pit No 

This location was revised during the remedial invsetigation 2 as shown on Plate 4 1 

based on a review of historical aerial photography 

Based on the waste management history o f  this area the most likely 

contamination would be uranium beryllium and solvents from lathe coolant Soil gas 

sampling found high levels of PCE present in the soil gas near the new location of  

SWMU 113 An isolated occurrence o f  TCE at a low level was also found 

approximately 100 feet southeast o f  borehole BH38 87 No other organics i e  DCE 

1 1 1 TCA or CC14 were detected in  the soil gas in the vicinity of this site 

Analysis o f  soil samples collected from both boreholes indicated the presence 

of some HSL organics however they occurred at estimated concentrations and/or 

were present in the laboratory blanks in a concentration on the same order as that 

seen in the laboratory blanks However bis(2 ethy1hexyl)phthalate ranged from 2500 

to 12 000 ug/kg in the 0 5 foot composite soil sample from BH37 87 and all the soil 

samples from BH38 87 These concentrations are significantly elevated above any 

observed blank concentration and therefore bis(2 ethylhexy1)phthalate appears to be 

present in the soil 
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Cesium was found in the 21 foot contact sample from borehole BH37 87 and 20 

foot bedrock sample from borehole BH38 87 at concentrations of 47(04) pCi/g and 

0 3(0 12) pCi/g respectively The significance of these cesium concentrations is not 

known because background concentrations have not been characterized Other 

radionuclides were not elevated above estimated background levels 

It appears that bis(2 ethylhexy1)phthalate may be a contaminant in the soils of 

the mound site because it occurred in some of the samples at  concentrations 

significantly greater than what was detected in laboratory blanks The source of the 

PCE in the soil gas is contaminated alluvial ground water as PCE has historically 

been a t  significantly elevated levels at  well 1 74 TCE has also been at  high 

concentrations in the ground water in this vicinity even though it  was only detected 

at  low levels in the soil gas SWMU 113 is likely the source of this release to ground 

water but confirmation will require further investigation 

4 2 3 Solid Waste -&& 

This area is located west of the oil burn pit No 2 This S W M U  was reportedly 

used to destroy wooden pallets in 1965 The types of hazardous substances and 

radionuclides that may have been spilled on these pallets is unknown Two boreholes 

were drilled in the vicinity of this trench Borehole BH32 87 was drilled adjacent to 

the southwest corner of the site and borehole BH31 87 was placed approximately 100 

feet west of the southwest corner of the site 

Soil gas sampling indicated moderate levels of PCE in the vicinity of this site 

In addition an isolated low level of TCE was also found No other organic 

compounds were detected in the vicinity of the trench during the soil gas survey 
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Analytical results from soil sampling o f  boreholes BH31 87 and BH32 87 

indicated the presence of low concentrations o f  HSL organics some o f  which may 

represent contamination 1 2 dichloroethane (1 2 DCA) was detected in all samples 

with the exception o f  the 16 foot bedrock contact sample from borehole BH32 87 in 

low concentrations ranging from 5J to 32 ug/kg PCE occurred in the 0 13 foot (16J 

ug/kg) and 13 foot (20J ug/kg) bedrock contact samples in borehole BH31 87 

Toluene was detected only in the 16 foot bedrock sample from borehole BH31 87 at a 

concentration o f  75 ug/kg Aroclor 1254 a PCB was detected at  a concentration of 

75 ug/kg in the 0 8 foot sample of borehole BH32 87 The low (generally estimated 

below detection limits) concentrations o f  these compounds suggest the soils may be 

slightly contaminated with solvents Little significance can be placed on this one 

time reported occurrence o f  Aroclor 1254 

There is no apparent radionuclide contamination in the soils Plutonium was 

detected at concentrations o f  0 15(0 12) pCi/g (0 13 foot duplicate borehole BH31 87) 

and 0 33(0 17) pCi/g (0 8 foot sample borehole 32 87) however these concentrations 

may not be significantly higher (statistically) than background 

In summary there is no significant contamination o f  soils at the pallet burn 

site Very low (estimated below detection limits) concentrations o f  some HSL organics 

were detected 

4 3  - 
As discussed in Section 2 the East Trenches Area consists o f  nine burial 

trenches used for  disposal o f  mainly flattened depleted uranium and plutonium 

contaminated drums The trenches are designated T 3 ( S W W  110) and T 4 through 
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T 1 1  (SWMUs 1 1 1  1 1 1 1  8) and are located just east of the east guard gate at  the 

security area Trenches T 3 T 4 T 10 and T 1 1  are located to the north of the east 

access road and trenches T 5 T 6 T 7 T 8 and T 9 are located south o f  the road 

(Plate 4 1) Trench locations as shown on Figure 2 3 were verified and modified 

slightly based on the magnetometer survey (Appendix B) and field reconnaissance 

The only significant location change was Trench T 8 which was moved south 

approxiamtely 75 feet 

4 3 1 Trench T 3 l- 110) 

Solvents (from lathe coolant) plutonium uranium silver (from sewage sludge) 

and chrome (from sewage sludge) are the contaminants that would most likely be 

expected in the vicinity of  Trench T 3 Boreholes BH39 87 and BH40 87 were drilled 

to characterize these soils BH39 87 is approximately 50 feet south o f  Trench T 3 

while BH40 87 is adjacent to the northeast corner o f  the trench 

In the vicinity of these boreholes there were several locations with moderate 

Other levels o f  PCE and one location with a low level of  TCE in the soil gas 

volatiles were not detected in the soil gas 

As discussed in the introduction to Section 4 chemical analyses o f  the samples 

collected from both boreholes shows the presence of organic contaminants but i t  

appears these contaminants may have originated in the laboratory The presence o f  

these organic compounds in either the laboratory blanks for this batch o f  samples or 

in other blanks at  similar concentrations and the fact  that these organics are common 

laboratory contaminants suggest that they are not present in the soils in the vicinity 

of Trench T 3 The source o f  the PCE and the TCE detected in soil gas is alluvial 
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ground water in the vicinity of the trench as evidenced by the data for  well 3 74 

The source o f  release of these compounds to ground water may be Trench T 3 but 

confirmation will require further investigation 

There was only one occurrence o f  radionuclides above background in the soil 

samples from these boreholes Plutonium [I l(O2) pCi/g] was detected above 

background only in the 0 2 foot sample from BH39 87 This appears to be 

significantly above background as the upper limit o f  the background range i s  

0 lO(0 20) pCi/g Strontium 90 was always less than 1 1 pCi/g and cesium 137 was not 

detected in the samples 

It is concluded that with the exception o f  plutonium in the 0 2 foot sample 

from BH39 87 there is no apparent soil contamination in the vicinity o f  Trench T 3 

The high plutonium concentration in the surficial material at BH39 87 may be 

characteristic of the general vicinity of  Trench T 3 but there are inadequate data to 

support this conclusion (no surficial data for BH40 87) The plutonium contamination 

likely has arisen from wind blown dissemination o f  plutonium from the 903 Pad 

Area Although alluvial ground water in the vicinity o f  Trench T 3 is contaminated 

with solvents soils from boreholes BH39 87 and BH40 87 do not show such 

contarnination 

4 3 2  Trenches T 4. T 10. and T 1 1  (SWMU 1 1  1.1. 1 1  1.7. and 1 1  1.8) 

Like Trench T 3 contaminants at Trenches T 4 T 10 and T 1 1  should include 

solvents plutonium uranium silver and chrome There were six boreholes drilled in 

the vicinity o f  these trenches to characterize soil contamination BH 41 87 and BH42 

87 are approximately 200 feet to the northeast and east respectively from Trench T 
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that appears to exist is at  relatively low levels However as with Trench T 3 alluvial 

ground water is contaminated with solvents which is the likely source o f  T C E  and 

PCE detected in the soil gas A determination o f  the extent to which Trenches T 4 

T 10 and T 1 1  are the source o f  this release to ground water will require further 

investigation 

4 3  3 Trenches T 5 thr- T 9 fSWMUs 111.2 111.a 

Based on historical waste management practices at  these trenches solvents 

uranium and plutonium are the contaminants that may be expected in the soils 

Boreholes BH47 87 through BH55 87 were drilled in the vicinity of the trenches to 

characterize any soil contamination BH47 87 BH53 85 BH55 87 and BH56 87 are 

north of the trenches while BH48 87 BH49 87 BH5O 87 BH51 87 BH52 87 and 

BH54 87 are to the south 

In the vicinity of all the trenches to the south of the east access road PCE 

TCE and 1 1 1 TCA were detected in  the soil gas at  several locations PCE was most 

pervasive generally occurring at low levels with one moderate level near BH5O 87 

T C E  and 1 1 1 TCA was sporadically present at low levels 

Similar to the findings for the trenches to the north of the east access road 

methylene chloride N nitrosodiphenylamine di n octyl phthalate and bis(2 

ethylhexy1)phthalate occurred in most of the samples but were also present in most o f  

the laboratory blanks in concentrations of the same order o f  magnitude However 

acetone was pervasive in the soils at  concentrations often greater than three times 

that observed for  laboratory blanks and sometimes an order of  magnitude greater 

The acetone ranges in the soils are summarized below 

I 
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Bortholt 

47 87 
48 87 
49 87 
50 87 
51 87 
52 87 
53 87 
53 87 
54 87 

55 87 
56 87 

Concentration 
v 
8J 820 
100 1200 
91 710 
510 1000 
72 1700 
43-94 
58 130 
430 2400 
29 1600 

300 1200 
74 120 

Comment 

Higher concentrations below 16 depth 
Highest concentration at  the 13 contact 
Occurs throughout the borehole 
Occurs throughout the borehole 
Occurs throughout the borehole 
Occurs throughout the borehole 
To a depth of 8 
Below 8 
Occurs throughout the borehole but is 
generally 200 300 ug/kg 
Occurs throughout the borehole 
Only detected below the water table 

It appears from the above data that there may be acetone contamination 

throughout the soils in this area with the highest concentrations occurring at  depth 

This implies a plume of acetone exists possibly originating from these trenches 

however concentrations of acetone in the low hundreds ug/l also exist in the soils in 

the vicinity of the trenches to the west which may indicate yet another source of 

acetone 

I 2 DCA appeared in many of the samples from the boreholes was frequently 

a t  concentrations above detection limits and never appeared in the blanks The only 

borehole where 1 2  DCA did not appear was BH56 87 which is furthest from the 

trenches to the north The lowest concentrations were at BHSI 87 and BH54 87 

located adjacent to Trench T 8 which is the trench furthest to the south These 

concentrations were estimated values below detection limits The 0 2 foot sample 

from BH54 87 had 120 ug/kg of 1 2 DCA and 190 ug/kg of toluene This sample and 

the 8 foot sample in BH54 87 are the only occurrences of toluene in any sample from 

boreholes in the east trenches area Samples from BH53 87 also had 1 2  DCA 
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concentrations near or below detection 

furthest from the trenches to the north 

limits Except for BH56 87 

All other boreholes are located 

BH53 87 is 

adjacent to 

trenches T 5 T 6 T 7 and T 9 immediately to the north and south Generally the 

highest concentrations of 1 2  DCA were found in BH47 87 BH56 87 and BH50 87 

Concentrations of 110 and 98 ug/kg were present in 15 foot bedrock contact and 17 

foot bedrock samples of BH5O 87 (just south o f  Trench T 7) Concentrations ranged 

from 38 120 ug/kg in the 7 samples taken from the bedrock contact and bedrock 

materials from BH47 87 (just north o f  Trench T 9) and BH55 87 (just north o f  Trench 

T 5) Like acetone there appears to be a release of 1 2 DCA to alluvial ground water 

in the vicinity o f  these trenches 

At the time o f  this writing radiochemical results are only available for  BH47 

87 BH53 87 and BH56 87 Soil samples from BH47 87 and BH56 87 had radionuclide 

concentrations within background levels The 0 2 foot and the 2 3 5 foot soil samples 

from BH53 87 contained plutonium at 6(0 2) pCi/g and 0 98(0 24) pCi/g respectively 

In all samples strontium was less than 05(06) pCi/g and cesium was O(0 1) except 

one occurrence o f  cesium at 0 l(0 1) pCi/g As with other sites the high plutonium in 

the upper soils suggests the contamination arose from wind blown dissemination o f  

plutonium from the 903 drum storage site 

I t  is concluded that contamination o f  soils in the vicinity of the trenches south 

of the east access road is limited to plutonium 1 2  DCA and possibly acetone Other 

HSL organics that were detected likely represent laboratory artifact The 1 2  DCA 

contamination appears to be confined to the bedrock material and plutonium 

contamination appears to be confmed to the surface The highest concentrations of 

acetone were also at depth 
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